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EXPERIMENTS upon MAGNETISM. 323 

No. XXXIX. 

Experiments upon Magnet ifm. Communicated in a Letter 
/■(? Thomas Jeff£r SON, Prefidefjt of the Philofophical 
Society y by the Rev. James Madison, Prejident of 
William and Mary College. 

Aprils 1798. 
Dear Sir, 
Read May TN the rcvicw of my philofophical courfe for 
4. 1798. J_ this year, I have been led to make fome expe- 
riments upon magnetifm, which appeared to fall within 
the views of the American Philofophical Society. It is 
for this reafon that 1 have taken the liberty of communi- 
cating them to you. 

Few fubje6ls in natural philofophy are, in reality, more 
interefting to mankind than magnetifm ; and yet, the in- 
vifibility of the agent, and the confequent difficulty of 
purfuiilg a caufe, which feems to be fubje^fled to notie of 
our fenfes, has greatly reftri(Sed the progrefs of know- 
ledge in this branch of phyfics* Some phenomena, 
which have long attrafted the attention of the philofopher, 
and excited the admiration of the vulgar, have received 
different folulions, grounded upon as nlany different hy- 
pothefesi No method appears to have been adopted to 
Ihew the fallacy of the ohe, or the verity of the other. 
They ftill remained as hypothefes. The following expe- 
riments, fimple as they are, give a folution, which car- 
ries with it occular demonftration ; and, as the juft expli- 
cation of every fad; is a real advance in philofophy, I truft 
they will not be thought unworthy af attention. 

The phenomena to which I allude are thofe, which 
magnets, placed upon paper, exhibit with filings of iron, 
when they are fprinkled about them. Many ingenious 
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324 EXPERIMENTS upon MAGNETISM. 

men have fuppofed, that the arrangement of the filings 
clearly indicated the paflage of a magnetic fluid or effluvia, 
in curved lines, from one pole to another of a different 
denomination ; and hence, have fought for the folution 
of other phenomena upon a much more extended fcale. 
Others, and particularly Cavallo, in his ufeful treatife on 
magnetifm, from the adtion of the magnet upon the filings, 
rendering each particle itfelf a magnet. The proper folu.- 
tion fprings from the following experiments : 

EXPERIMENT r. 

Place an artificial magnet, of the ufual oblong form,^ 
and of fuflicient flrength, upon a difh ; let the ends be 
two or more inches diflance from the edge or rim ; cover 
the magnet with water about one-tenth of an inch. Then- 
fprinkle, or fift the filings of iron through gauze, fo that 
they may fall gently near the equator of the magnet. 
You will immediately fee the filings to divide ; one part 
moving with an accelerated velocity to the notth pole j the 
other part, to the fouth pole j each approaching as near ta 
its refpedive pole, as the interpofmg fluid will permit ; 
each turning and prefenting a diffimilar pole to that which 
firft put the particle in motion. As other particles fucceed 
in their turn, the fame effefts take place j each endeavours 
to approach as near to its pole, as its centre, as poflible ; 
but the particles already arrived, preventing an approach 
within the limits thus previoufly occupied, the whole are 
neceflarily arranged in the form of concentric circles. Par- 
ticles of water in forming drops, or of mercury in form- 
ing globules, obey nearly the fame law. 

Thus doth this experiment imequivocally demonflrate^ 
from the motions of the floating particles, that attradion 
is the fole caufe of this phenomenon, and that this force 
is equally exerted by each pole. It Ihews, at the fame 
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time, that each of the filings, even the fmalleft, becomes 
itfelf a magnet, fo foon as it arrives within a Ihort diftancc 
of its attracting pole. This is particularly evinced by 
thofe particles which are firft put in motion, and which 
occupy the neareft ftations. For, immediately upon their 
arrival at a certain diftance, they turn round, and prefent 
to the magnet their oppofite extremity. 

EXPERIMENT 2. 

Place two diffimilar ends of magnets about an inch apart, 
in a large dilh ; let them be juft covered with water ; fift 
the filings between the ends. The particles of iron are 
immediately attracted by the neareft pole ; they move 
quickly in oppofite diredions, occupy the neareft ftation 
they can, become themfelves magnetic, and prefent to 
each other diflimilar poles. The particles attradled by the 
poles of the magnets thus mutually attrad each other. 
Between the poles of the large magnets, the filings are 
arranged in ftraight lines ; becaufe there, they tend dire(Sl- 
ly to the attracting points 5 the more removed, the more 
curvilineal their pofition ; becaufe each particle making 
the fame effort to occupy the neareft ftation to the centre 
of attraction, they are all neceflarily forced into, a pofition 
correfponding with that effort. 

EXPERIMENT 3. 

Place fimilar ends of two magnets, as the diffimilar were 
fituated in the laft experiment, and fift the filings betweea 
them. Here alfo, you fee them to be afted upon by at- 
traction as before ; they move to the neareft pole, become 
magnetic, and prefent to each other fimilar poles ; that is, 
fuppofing the north poles of two magnets to, be oppofed, 
all thofe filings which are attracted by the north pole of 
one of the magnets, prefent a north pole to the north 

pole 



326 EXPERIMENTS upon MAGNETISM. 

pole of all thofc attra<Sled by the other magnet; they 
repel each other, of confequence ; a vacuity is obfcrved 
between the refpedlive parcels of filings ; whilft the ap- 
pearance of reverted curves is exhibited, on account of 
the repulfion which their firailar poles exert upon each 
other. 

Thus, befides the proof which thefe experiments afford, 
that the attractive force of the magnets, at either pole, is 
the real caufe of the phenomena which the filings exhibit ; 
they prove alfo, in the moft fatisfadtory manner, that the 
a£tion of the magnet upon the filings, when they ap- 
proach within a certain diftance, renders them magnetic, 
and hence produces the effects mentioned in the two laft 
experiments. But, in every inftance, attraSion firfl ope- 
rates. Similar poles, whilft they are repulfive of each 
other, are ftill attraftive of all other fubftances upon which 
the magnet ads. The fame body, at the fame time, ap- 
pears to exert two oppofite powers. 

The caufe of magnetic attraction and repulfion, as 
well as of all other attractions or repulfions, lies ftill hid 
in the recefles of nature ; but the manner, in which thefe 
fcwces produce certain phenomena, is no longer concealed 
from us. 

Thefe experiments may be agreeably varied by placing 
three or four magnets upon each other, then covering 
them only partially, and fprinkling the filings on each 
fide of them. 

In every magnet, there is at leaft one line, called the 
equator, where the attractive power vanifhcs : from this line, 
towards either pole, it gradually increafes, and hence thofe 
filings which are near to the fides of the magnet, will 
incline towards them, forming angles, which appear to 
be fuch as the refolution of two forces, one lateral, the 
Other polar, would neceffarily produce. 

Perhaps 
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Perhaps this method of making experiments, by fub* 
ftances floating in water, and thus fubjedted in all their 
motions to our examination, may lead to rnore important 
difcoverie«. The rates in whieh the magnetic attra<aive 
force decreafes, at different diftances, may, 1 think, be 
coUe^d from noting the velocity with which the floating 
bodies move, at different diftances from the poles, or the 
(paces, which they pafs over jn equal times. Nothing 
obftiu£ts an accurate folution <^ this problem, but the 
difficulty of obtaining meafurements of fufficiently fmall 
intervals of time. If the experiment were made upon a 
large fcale, the difficulty might be removed. The remark- 
able acceleration which is obfervable, when the filings 
come near to their attracting point, feems to fatisfy the 
eye, that the attraction increafes in a greater ratio, than 
according to any law yet affigned. 

One magnet ads upon another, at a confiderable dif- 
tance, either by repulfion or attradion. Will not thefe 
experiments lead to a rational conjeCture, that in every 
inftance, the adtion is communicated by intervening mag- 
netic fubftances. It adls through atmofpheric air. But 
this ^r may, from its conflituent principles, and it is 
faid, does contain iron. The fmall particles floating in 
the atmofphere, may be aded upon, like thofe floating 
upon water. The tenuity of the particles will only render 
the adion more fenfible. Each may become a magnet, 
and thus by the a£tion of all the intervening affeCted par- 
ticles, the action of one magnet may be communicated to 
the poles of another diflant magnet. 

I have made an experiment, in order to afcertain, whe- 
ther a magnet could exert its power in a Torricellian vacu- 
um. A fmall quantity of filings was poured into a glafs 
tube of fufficient length ; it was then filled with mercury, 
and inverted in the fame fluid ; the filings floated on the 
furface of the mercury in the upper end. The rcfult was, 
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that the adion of the magnet upon the filings, at equal 
diftances, was fenfibly lefs, than when the tube was full 
of atmofpheric air. The want of a tube of fufficient dia- 
meter prevented me from making the experiment in fo 
fatisfadtory a manner as I wiflied. It appears, however, 
worthy of being repeated by thofe who may poflefs the 
neceflary means. If the magnetic power fhould be ob- 
ferved in fuch a vacuum, then the above conjedure will 
merit and receive the fate which has generally attended all 
reafoning in phyfics not founded on accurate experiment. 

I am, very refpeftfuUy, 

Yours, &c. 

J. MADISON, 

William Ss* Mary College. 
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